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New 0.07-10 Microsecond 
General-Purpose Pulse Generator 



I HE new -hp- 212A generates pulses 
A which have extremely good waveform 
and which are adjustable in duration over a 
range from at least 0.07 to 10 microseconds. 
These pulses are obtained from a circuit that 
has been maintained at a convenient value 
(50 ohms) to permit ready use without de- 
terioration of the pulse shape in practical 
loads. In other respects the -hp- 2I2A has 
been made as flexible as possible: the maxi- 
mum output voltage of 50 volts loaded or 
100 volts open circuit is sufficiently high for 
most types of test work, an output attenua- 
tor reduces the output voltage in known 
steps, pulses can be generated at any repeti- 
tion rate from 50 to 5000 pps, and the circuit 
can be triggered from an external synchro- 
nizing or sync in pulse. 

In addition to the major output pulse, the 
-hp- 212A generates a trigger or sync out 
pulse of approximately 2 microseconds du- 
ration. The time of occurrence of the sync 
out pulse is fixed at 1 5 microseconds follow- 
ing an input synchronizing pulse. The time 



of occurrence of the major output pulse, 
however, is continuously adjustable from 10 
microseconds he-lore to 100 microseconds 
after the occurrence of the sync out pulse. 

Photographs of oscilloscope traces of three 
typical major output pulses of different du- 
ration are shown in Figure I. The time of 
rise and decay of the pulses is distinguishable 
only in the photograph of the shortest pulse, 
where the pulse width is 0.07 microsecond. 
It can be seen that the rise and decay times 
are each less than 0.02 microsecond. 

The degree of freedom from jitter is indi- 
cated by the sharp trace on the leading and 
trailing edges of the pulses in Figure 1. These 
photographs were made from a synchroscope 
whose sweep was triggered from the trigger 
pulse generated by the -hp- 2I2A; that is, 
the synchroscope sweep was not internally 
synchronized. Thus, these photographs, 
which were exposed for a large fraction of a 
minute, include the jitter in the trigger pulse 
anil the major pulse itself, as well as any 
jitter in the sweep circuit of the synchroscope. 




(A) 

0.07 Microsecond 



(B) 

1.0 Microsecond 



(C) 

10 Microseconds 



l-'igurc 1. Typical Pulses Generated by -hp- Model 21 2 A. Pulse Lengths Are Measured at Halj-Voltage Points. 
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Figure 2. -bp- Model 2IJA Piihe Generator. 



CIRCUIT DESCRIPTION 

1 he basic pulse-generating circuit 
uses a delay line in combination with 
a pair of hydrogen-filled thyratrons 
(3C45). Such thj ratrons have a rela- 
tively short ionization and dc-ioni- 
zation time, and. in combination 
with their large power-handling ca- 
pacity and very long life, are well 
suited to pulse-generating circuits. 
In order to generate pulses of vari- 
able length with a pulser of this type- 
without cumbersome switching to 
different-valued pulse-forming net- 
works, some special circuit arrange- 
ment must be used. 

Figure 3 illustrates the basic pulse- 
generating circuit. Tube VI is the 
pulse-generating tube, while tube 
V2 controls the length of the pulse 
and forces the trailing edge of the 
pulse to decay rapidly. Both VI and 
V2 are hydrogen thyratrons. In 
the steady-state condition between 
pulses, VI and V2 are not ionized, 
although sufficient anode voltage 
exists across the pulse-forming net- 
work of VI for ionization to occur 
when the grid of VI is driven posi- 
tive. 

At the proper time t . tube VI is 
fired by a short pulse that is supplied 
by the pulse repetition-rate circuits. 
The subsequent drop in anode volt- 
age of VI is transferred to an un ter- 



minated delay line or pulse-forming 
network having a two-way transit 
time of 10 microseconds. Since the 
delay line is open-ended, the nega- 
tive voltage wave traveling down 
the line is reflected without phase 
reversal from the open end of the 
line. Upon arriving back at the an- 
ode of VI, the reflected voltage 
causes the anode voltage to fall to 
zero and extinguishes the tube. This 
action generates a 10-microsecond 
pulse across the cathode resistance 
Rl. 



The positive pulse voltage at the 
cathode of VI supplies anode volt- 
age to V2, although V2 does not yet 
conduct because its grid is biased off. 
Now, at a time not exceeding 10 
microseconds later than t,„ a short 
positive pulse is applied to the grid 
of V2 at time t,. by the pulse length 
determining circuits, thus firing V 
The anode current of V2 flow 
through R2. causing a rapid drop 
voltage across V2. Since the anod 
voltage of V2 was first increased b 
the original pulse across RI an 
then reduced 10 microseconds or les 
later by the firing of V2, a pulse 
formed at the anode of V2. The d 
ration of the pulse is determined i 
the adjustable interval between 
and Ch. Irregularities in the top 
the pulse are minimized by the cli 
per tube V3, for. when the amp) 
tude of the pulse exceeds the pos 
tive bias on the cathode of V3, th 
diode conducts and maintains tl 
pulse amplitude quite constant. Tl 
pulse generated by the above actic 
is applied to the output amplifn 
V'i, which provides either positn 
or negative output pulses. V4 al 
aids in obtaining a fast rise-time fi 
the output pulse, because the gr 




Figure }. Bauc Piilse-Geiierjling Circuit. 



© Copr. 1949-1998 Hewlett-Packard Co. 



DtLJW 
M.V. 



fcoc-"*; 

05CtLL»TO» 



STMC i 



HIP. »*T C 
50-5OOOP« 



POSITION 

M.V, 



KMC 



BLOCK IftG 
05CIU»T0« 



PULSE 
LENGTH 



DC LAY 
LtNC 



: | 
: L 



OUTPUT 



ll 



BLOCKING 
05GILLAT0" 



Figure J. Block Diagram o) I'M Circuits. 



circuit of V j is biased beyond cut- 
off so that only a portion of the grid 
drive is used. 

The above circuit is simple and 
reliable, yet is capable of generating 
very short pulses having continu- 
ously-variable length, constant am- 
plitude, rapid rise and decay, and 
ample peak voltage for the majority 
F testing purposes. 

PULSE LENGTH CONSIDERATIONS 

The minimum pulse length ob- 
inable from the circuit is deter- 
mined primarily by the time re- 
in red for a hydrogen thyratron of 
he type used to ionize. As stated 
wve, this time is about as short as 
hat for any other present thyratron, 
eing in the order of 0.02 micro- 
cond. Since ionizing action in 
u be V2 cannot begin until the lead- 
ng edge of the pulse at the cathode 
f VI is at least partially formed. V2 
oes not become ionized until ap- 
proximately 0.035 microsecond after 
he start of the pulse. This ionization 
me plus stray capacities in the cir- 
uit thus limit the minimum pulse 
idth obtainable. Pulses of 0.05 mi- 
rosecond duration are usually avail- 
ble from the circuit, although the 
lodel 2I2A is conservatively rated 
s generating O.O^-microsecond 
ulses. 

The maximum pulse length ob- 
inable from the circuit is deter- 
lined by the maximum duty cycle 
which the thyratron VI must op- 
rate anil by the average current for 
hich the tube is rated. These fac- 
ors are such as to limit the longest 
ulse that is available under all con- 
itions to 10 microseconds. 

RF CIRCUITS 

The circuits that generate the 
rigger voltages for the output pulse- 
enerating circuit of Figure 3 are 
elated in block form in Figure 4. 
he Repetition-Rate multivibrator 
an operate either free-running or 
riggered by external positive or 



negative (Sync In) pulses. When 
free-running, the Repetition-Rate 
multivibrator can operate at any 
pulse repetition frequency Irom 50 
to 5000 pps, as determined by the 
setting of a calibrated panel control. 
W hen triggered by an external pulse, 
the Repetition-Rate multivibrator 
and succeeding circuits are capable 
of operating at practically any repe- 
tition frequency up to 5000 pps, de- 
pending upon the repetition fre- 
quency of the external pulses. In the 
free-running condition, the output 
of the Repetition-Rate multivibra- 
tor is equivalent to a Sync In pulse. 

Theoutput of the Repetition-Rate 
multivibrator triggers both the De- 
lay and Pulse-Position multivibra- 
tors. These are one-shot multivibra- 
tors which cycle once when initiated 
by a trigger voltage. The Delay mul- 
tivibrator introduces a fixed delay 
interval of 15 microseconds between 
the Sync In pulse and the Sync Out 
pulse. The trailing edge of the pulse 
from the Delay multivibrator initi- 
ates the- operating cycle in ■u single- 
action or monostable blocking os- 
cillator which generates a high-volt- 
age pulse of approximately 2 micro- 
seconds duration for external trigger 



purposes. This Sync Out pulse is 
available at either positive or nega- 
tive polarity. 

The Pulse-Position multivibrator 
is a one-shot circuit which is trig- 
gered by the output of the Repeti- 
tion-Rate multivibrator and which 
generates pulses whose duration is 
determined by the setting of a panel 
control. The purpose of this multi- 
vibrator is to control the time inter- 
val between the occurrence of the 
Sync In pulse and the start of the 
major output pulse. The Pulse-Posi- 
tion multivibrator thus serves the 
same purpose with regard to the 
major output pulse as does the Delay 
multivibrator to the Sync Out pulse. 
However, the pulse from the Pulse- 
Position mutivibrator is adjustable 
in duration and permits the starting 
time of the major output pidse to lie 
adjusted over a range of 110 micro- 
seconds (5 to 115 microseconds fol- 
lowing the start of the Sync In pulse 
at time ti). To accomplish this, the 
Pulse-Position multivibrator gener- 
ates a pulse that is adjustable in du- 
ration over a range from 2 to 112 
microseconds. Slight delays distrib- 
uted over ensuing parts of the cir- 
cuit add to the delay inserted by the 



© Copr. 1949-1998 Hewlett-Packard Co. 



Pulse-Position multivibrator to al- 
low the start of the major output 
pulse to be adjusted over a range 
from 5 to 115 microseconds follow- 
in}; the start of a Sync In pulse. 

The trailing edge of the 2-112 
microsecond pulse from the Pulse- 
Position multivibrator triggers the 
succeeding monostable blocking os- 
cillator which provides a fast-rising 
pulse of relatively high voltage to 
fire thyratron VI. A 2-microsecond 
delay line is inserted between the 
Pulse- Position blocking oscillator 
and the grid of V I to compensate for 
a 2-microsecond delay in the circuits 
that trigger V2. 

The output of the blocking oscil- 
lator, as well as firing VI, triggers 
the Pulse Length multivibrator, a 
one-shot type circuit. This multi- 
vibrator then generates a pulse whose 
duration is variable (2-12 microsec- 
onds) and is adjusted by the setting 
of a large 6-inch panel dial. The 
trailing edge of this pulse triggers a 
blocking oscillator, which, in turn, 
(ires the thyratron (V2 in Figure 3) 
th^l determines the length of the 
major output pulse in the manner 
described heretofore. 

OUTPUT SYSTEM 

The major output pulse is applied 
to the output terminals through a 
step-attenuator that provides "•O dh 
of attenuation in l()-db steps. Use of 
the attenuator does not cause any 
deterioration of pulse shape, even 
when small pulse voltages are de- 
sired. A continuously-variable am- 
plitude control is also provided for 
making fine adjustments of output 
voltage. Maximum amplitude of the 
major output pulse is at least SO 
volts into a 50-ohm load. 

DOUBLE PULSE 

For some applications such as the 
determination of resolution time of 
pulse counters, it is desirable to have 
a double pulse that is separated by a 
known and variable interval. Such a 





. MM 


IMP 






r*n 

i 

i 

■ 
i 

i 

■ 
* 

1 


p A. 






! 
i 

t 

i 
i 

i 

• 





t inure S. Circuit For Oeiieruliiig 
Double Puhei. 

double pulse can be obtained using 
the -hp- 212A in combination with 
the cable system illustrated in Fig- 
ure 5. 

The pulse generated by the -hp- 
212A is applied through a 50-ohm 
cable to a tee that connects to other 
50-ohm cables and resistors as shown. 
One of the latter cables connects to 
the pulse counter or other device 
whose resolution is to be measured. 
1 he second cable is open at one end 
and the cable length is such thai the 
delay in the cable corresponds to 
one-half of the desired time interval 
between leading edges of the double- 
pulse. 

The output pulse from the -hp- 
212A travels toward the tee and 
sends a voltage pulse in both direc- 
tions down the tee. The pulse travel- 
ing toward the counter is absorbed 
without reflection by the terminat- 
ing resistance. The pulse traveling 
down the open-ended cable, how- 
ever, is reflected at the open end of 
the line without phase reversal back 
through the tee to the counter as a 
second pulse. The time interval be- 
tween the pulses is determined by 
the length Lof the open-ended cable. 
Cable lengths from 25 to several hun- 
dred feet of typical 50-ohm cable 
may be required for the open-ended 
cable, depending upon the pulse 
length and the desired inter-pulse 
interval. Double pulses of approxi- 
mately 12 volts amplitude can be 
obtained from the above arrange- 



ment in combination with the -hp- 
21 2A. 

The reflected pulse suffers some 
deterioration in addition to some 
attenuation caused by the long 
length I. of the cable. This system is 
therefore of greatest use when test- 
ing equipments whose resolution] 
time is less than a few microseconds.) 

—G. S. Kan 



SPECIFICATIONS FOR MODEL 212A 
PULSE GENERATOR 

PU1SE LENGTH: Continuously variable from 
al lead 0.07 lo 10 microseconds, con- 
trolled bv direct-reading 6" front panel 
dial 

PUISE AMPLITUDE At lean 50 volts Into 50 
ohm load. 

PULSE SHAPE Rise and decay lime approxi- 
mately 0.02 microsecond eoch t'10% lo 
90% of maximum amplitude). Variation 
of crest voltage less than 5°b al 50 volts 
output; use ot continuously-variable am- 
plitude control causes some increase in 
crest vorialion; slep atlenuolor causes no 
discernible deterioration. 

PULSE POLARITY: Positive or negative. 

INTERNAL IMPEDANCE: 50 ohms or less, 
either polarity. 

REPETITION RATE: 50 to 5000 pps. internally 
controlled. 

SYNCHRONIZATION: Can be triggered from 
external 5- volt positive or negative pulse 
ot rates up to 5000 pps. 

AMPLITUDE CONTROL: 0 to 50 db ottenuotor 
in 10 db steps; also continuously-variable 
control having range of at least 10 db to 
supplement attenuator. 

TRIGGER PULSE: 40 volts positive or 25 volts 
negative trigger supplied to 200 ohm or 
more load; positive or negative polarity; 
appro*. 2 microseconds duration at holf- 
vollage points with loss than 0.25-micro- 
seconds rise time. 

DELAY PROVISION: Moin pulse delayable 
Irom 0 to 100 microseconds with respect 
to trigger (Sync Out) pulse. 

ADVANCE PROVISION: Main pulse can be 
advanced from 0 lo 10 microseconds with 
respect to Sync Out pulse. Delay and ad- 
vance provisions embodied In one ponel 
control. 

PANEL CONNECTORS. PULSE OUT, female 
type N IUG-58 Ul, STNC IN and SYNC 
OUT. female type BNC IUG 290 U). 

C ABIES SUPPLIED. 7 foot power cable per 
manenfly attached to unit 

DIMENSIONS: 19" wide. 10> 2 " high. 12" 
deep. 

POWER Operates either from 115 or 230- 
volt. 50 60 cycle supply Requires 260 
wotts maximum. 

WEIGHT- 45 lbs., shipping weight, approx. 
75 lbs. 

MOUNTING Supplied only in rack mounting 
style, end frames can be provided at 
slight extra cost to convert to table mount- 
ing style but are not essential to table use. 

PRICE. S550.00 f o b Polo Alto. Calif., (Spe- 
cify Model 212A1. End frames S5.00 per 
pair f.o.b. Palo Alto, Calif 'Specify »17). 

Data subject to change without notice 
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